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Preface

This Work Plan for “In Situ Chemical Remediation of Radionuclides in Soils” (also, formerly
known as, “In Situ Dynamic Underground Stripping”) describes activities to be conducted in
support of Technical Task Plan No. RF121101. Tasks described in the Work Plan will be
conducted jointly by a number of DOE sites including: Rocky Flats Plant, Los Alamos National
Laboratory, and Lawrence Livermore National Laboratory.

The Work Plan format was taken from Section 3.5, “Preparing the Work Plan” in EPA’s Guide
on Conducting Treatability Studies under CERCLA, EPA/540/R-82/071a.

This work is being performed at Rocky Flats under Work Package 1432B.

WP for Chem Remed. of Soils: Rev. 7: 8/10/93Page iii



1.0 Project Description

1.1 Introduction

Soils (and groundwater) contaminated with trace amounts of plutonium, americium, uranium
mixed with volatile organic compounds (VOCs) and dense non-aqueous phase liquids (NAPLs)
remain lingering problems in many remediation programs. Large volumes of contaminated soils
may require processing to reduce contaminants 1o acceptable (yet undefined) levels.

At the Rocky Flats Plant (RFP) site, there are several below-ground locations that are
contaminated with NAPLs/VOCs and radionuclides (plutonium, americium, uranium). The
particular focus in this study is OU2/903 Pad area which contains radionuclides (plutonium,
americium, and uranium), DNAPLs (VOCs: trichioroethylene (TCE), carbon tetrachloride
(CCl4), tetrachloroethene (PCE), chloroform, methylene chioride; and NVOCs: cutting oils and
lathe coolants). These contaminants sometimes occur in concentrated plumes, such as those of
DNAPLs present at RFP's OU2/903 Pad in the clays and silt of Rocky Flats alluvium, and in
pore spaces and fractures of sedimentary sandstones, siltstones, and claystones. The
permeability of these geologic units may permit the percolation of these contaminant plumes and
subsequent migration and eventual discharge of these contaminants as seeps into the surface
waters. Mitigation and/or remediation of this non-radionuclide contaminant source are
described in the OU2 Subsurface IM/IRA.

This proposed work constitutes Task 2 of the existing EM-50 funded TTP for Plutonium in Soils
Integrated Demonstration Sampling Support. We will evaluate the use of thermally enhanced
aqueous extraction processing of soils for the removal of radionuclides. The concept marries the
technologies of redox, chelation, and steam processing to meet the challenge of RFP’s OU2/903
Pad Area soils. The FYS93 effort for this project will conduct proof-of-principle and bench-
scale evaluations of chemically enhanced steam stripping for the mobilization and removal of
radioactively-contaminated soils. The FY95 goal is to demonstrate an in situ soil extraction
process which uses chemically enhanced steam injection to mobilize and remove radionuclides —
especially, plutonium and americium — from contaminated RFP soil. This effort is part of the
treatability studies for remedial screening and selection process for actinide contaminated soils
in OU2's 903 Pad Area.

Testing will be conducted in three phases: (1) select promising chelator-redox systems using
fast-turnaround, lab-scale, chemically enhanced steam extraction tests, (2) further reduce
chemical enhancers to the more promising chelator-redox agent systems using bench-scale,
soil-column washing tests, and (3) optimize perhaps the most promising chelator-redox
systems using parametric bench-scale, soil-column washing tests. The objectives of this task
will be:

. To select chelating/redox systems appropriate for QU2 soils, and define test matrix and
test plan for laboratory studies and bench-scale tests.

. To perform [ab-scale tests that evaluate plutonium and americium
mobilization/removal efficiency resulting from chemically-enhanced steam.

. To perform bench-scale tests to evaluate mobilization of plutonium and americium using
chelating agents under suitable redox conditions that simulate in situ conditions.

WP for Chem Remed. of Soils: Rev. 7: 8/10/83 Page 1



1.2 Site History

Treatability studies will be performed on soils from the 903 Pad. The 903 Pad Area,
encompassing the original 803 Drum Storage Site, was used from October 1958 to January
1967 for storage of radioactively contaminated oil drums whose contents were described by
Calkins (1870).

“Most of the drums transferred to the field were nominal 55-gallon drums, but a significant
number were 30-galion drums. Not all were completely full. Approximately three-fourths of
the drums were plutonium-contaminated, while most of the balance contained uranium. Of those
containing plutonium, most were lathe coolant consisting of a straight-chain hydrocarbon
mineral oil (Shell Vitrea) and carbon tetrachloride in varying proportions. Other liquids were
involved, however, including hydraulic oils, vacuum pump oil, trichloroethylene,
perchloroethylene, silicone oils, acetone still bottoms, etc...and in 1959 or possibly earlier
ethanolamine was added to the oil to reduce the corrosion rate of the steel drums.”

An estimated 5,000 gallons of liquid (Freiberg, 1970) containing 86 g (5.3 Ci) of plutonium
leaked into the soil. Site grading in preparation for applying an asphalt cap over the area
included moving “slightly” contaminated soil. A total of 33 drums of radioactively contaminated
rocks were removed, and two courses of clean fill material were placed over the site. The
asphalt covering was applied some two months later (Freiberg, 1970). The cover is
approximately 8 centimeters (cm) thick and underlain by approximately 15 cm of loose gravel
and 8 cm of fill dirt. .

1.3  Project and Subtask Descriptions

The project will be conducted on 903 Pad area (sub)soils and in several phases comprising six
subtasks. Strategic decision points, which allow judgment of the technology's promise and
practice, are included in the project timeline.

Subtask 1. Bench-Scale Work Plan

This task covers the preparation of this work plan for bench-scaie testing which follows
“Suggested Organization of Treatability Study Work Plan” in EPA’'s Guide on Conducting
Treatability Studies under CERCLA (EPA/540/R-82/071a).

This task will also include completing, as required, operational safety analysis plan
(OSA), job safety analysis (JSA) plan, health safety (H&S) plan, and standard operating
procedures for the bench-scale tests for handling radioactivity and performing radioactive
experiments prior to starting any bench-scale experiments at RFP.

Subtask 2. Field Activities of the 903 Pad Area

This task will identify, based on past RFP OU2 work, and sample surface soils from
locations which ensure sample representativeness. Soil will be collected and handled
according to LANL or RFP procedures. The soil will be screened for radioactivity levels to
ensure adherence to H&S radiological protection constraints before transferring to
LANL/TA-48 or Bidg 881 for bench-scale tests.
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Subtask 3. Bench-Scale Testing

A majority of FY93 laboratory work will be performed at LANL to meet the accelerated
schedule. Bench-scale testing will be a significant collaboration between RFP and LANL in
FY94. FY94 treatability tasks will be coordinated and completed at both RFP and LANL in a
joint effort. We will investigate the effectiveness of various redox and chelating agents that
will mobilize plutonium and americium under steam conditions (near 100°C). Since
plutonium solubility and chemistry varies with oxidation state, various reducing/oxidizing
conditions will be evaluated for their impact on mobilizing plutonium. We will also
investigate the stability of chelating agents under steam conditions.

A systematic study to establish optimum conditions with the various chelating agents is
also crucial in deciding whether to proceed further for Subtasks 4 through 6. Because of the
large number of tests involved, some tests will be performed at LANL some bench tests will
be performed at RFP. The RFP radiochemistry lab in Bldg 881 will perform additional
bench-scale experiments and support the pilot-scale testing program.

Subtask 4. Conceptual Pilot-Scale Design (FY94)

This subtask will produce a conceptual pilot-scale design for the field operation. The
design is anticipated to include chemically enhanced steam injection and associated feed and
support subsystems, process control and monitoring technology, and any effluent collection
and treatment subsystems. The steam injection system will fake advantage of existing steam
service or will include a boiler, piping, fuel, tanks, etc. Approximately 12 to 16
extraction/injection wells will be installed in the 903 Pad area.

Subtask 5. Review and Analysis Assessment (FY34)

This subtask will conduct safety analyses and risk assessments, and evaluate safety
design of equipment to be used in the conceptual design (Task 4) and field demonstration
(Task 6). Plans and procedures for operations including S/O testing will be completed.

Subtask 6. Pilot Test / Field Demonstration (FY25)

This task will conduct the actual field demonstration at the 903 Pad site.

2.0 Treatment Technology Description

2.1 gummary

There are various remediation approaches such as physical, chemical, biological, and thermal
treatment, that can be used to remedy — whether by removal or stabilization — radionuclides
and organics in soils and groundwater. Steam together with various types and concentrations of
redox and chelating agents will be used to remove (i.e., mobilize and wash away) radionuclides
contaminating selected RFP soils. Once radionuclides are mobilized, the radionuclide-rich
(agueous) mobile phase is driven by the steam front to extraction wells where it is collected and
subsequently treated by more conventional wastewater technology. The approach uses a
combination of steam injection/vacuum extraction and chemical action to mobilize radionuclides
from soil where they can be subsequently treated by conventional technology.
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2.2 Substrate/Soil Characterization

Retention of contaminants in a solid matrix (such as soils) varies with the physical and
chemical properties of both the contaminant and the soil/solid phase. Contaminants are
generally displaced by two mechanisms: (1) by physically, driving or flushing the contaminant
from the substrate, (2} by chemically, dissolving contaminant and/or substrate tc release the
contaminant, or by some combination of (1) and (2). Detailed knowledge of substrate/soil
properties, chemistry, and nature of the substrate-contaminant interaction is extremely useful
in predicting washing behavior, designing lixiviation systems, and shortening the process
development time. Substrate characteristics are also important to predicting its response to
chemical treatment.

Some information on contaminant and soil physical and chemical properties, useful in designing
a treatability study, is available. Although recent soil characterization information (important
because of the earlier excavation activity at the site) is not available, Hicks and Blakeslee
(1981) reported limited soil physics and chemistry for samples coliected from the 803 Pad
area. Activity versus particle-size fractionation gave the foliowing:

Table 1. Dry Screened 903 Pad Soils*

Fraction > 4.0 mm 2.4 - 4.0 mm 0.42 - 2.4 mm <0.42 mm
Weight % 60 ] 12 24

Pu (dpnvg) 240 1400 3100 29000
Am (dpm/g) 150 270 560 4100

*Soils dried at 100°C for 5 days. Data from Hicks and Blakeslee (1981).
Soil chemistries of selected, dried 803 Pad soils were also reported:

Table 2. Chemical Analysis of 903 Pad Soils**

Element Al Ca (o} Fe K Si Na
Sample 1 5.4 0.9 0.8 1.7 2.5 30
Sampie 2 5.2 3.0 1.4 2.1 2.3 21.5 1

** Data from Hicks and Biakeslee {1981).

This information should be used guardedly since recent studies suggest some mixing of the
original and capping/fill materials has occurred. M. Z. Litaor (1993) of the RFP ER program
is currently evaluating physical and chemical characteristics of 903 Pad soils; a report will be
available by end FY33.

2.3 Soil Washing

EPA's Eagle et al. (1993) have demonstrated a soil washing plant for the treatment of
radioactively contaminated soils at two Superfund sites. Soil washing operations were evaluated
for their performance in reducing the volume of contaminated soils. Their program uses a
four-tiered approach consisting of: (1) soil characterization, (2) bench-scale testing, (3)
process development units, (4) pilot plant development where the results of each tier are used
to decide whether to proceed to the next tier.
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2.4  Soil Washing at BFP

Soil decontamination and washing evaluations have been conducted at RFP since the early 1870s
and results have appeared in reports in the internal and external literature. R. L. Olsen et al.
(1980) described the decontamination of the 903 Pad area following cleanup of the leaking
drums in 1968. They reported that radiological contamination of 2000-300,000 dpm/100
cm: had penetrated the 903 Pad soils to a depth of 20 cm.

Hicks and Blakeslee (1981) summarized a decade of soil characterization and bench-scale
attrition scrubbing studies performed at RFP on RFP 903 Pad Area soils. Plutonium in these
soils occurs in both pariculate (0.2-um mean diameter associated with soil particles) and
dissolved (or perhaps colloidal) forms. Wet screening and radiometric characterization of the
soils showed that a majority of plutonium (and americium) was associated with soils of the 2.4
mm and less size fraction. Attrition scrubbing of soils with hot (80°C) distilled water or
aqueous solutions of: chemical agents (e.g., H202, Na2CQa, NaClO, Na2SiOs), chelators (e.g.,
oxalic acid, citric acid), detergents (e.g., Oakite NST), and surfactants (e.g., sodium dioctyl
sulfosuccinate) showed varying decontaminating effectivenesses. Oxalic acid (0.1M), sodium
hexametaphosphate (10%), and 10% detergent solutions were among the more effective
decontaminating systems for the 2.4-4.0 mm soil fraction, removing 95-98% of the Pu and
Am. However, residual contamination levels still exceeded 60 dpm/g (27 pCi/g) following the
scrubbing process.

Hicks and Blakeslee (1981) also reported soil washing tests on soils from five DOE sites
including RFP. Three agueous solutions: (1) an aqueous pH 12.5, (2) 2% HNOs3, 0.2% HF, 2%
pine oil, and 5% hexametaphosphate, (3) 2N HC! were evaluated for decontaminating RFP,
Hanford, Mound, INEL, and LANL soils. Variability in the effectiveness of the three-phase
scrubbing process was noted for soils from the different DOE sites. Effectiveness of the
solutions also varied with the soil size fraction tesied.

Pettis and Kallas (1988) conducted bench-scale testing and reporied that simple, room-
temperature wet screening of 903 Pad soils was effective at decontaminating the greater than 4
mm size fraction (approximately 60 wt% of the total) to <5 dpm/g (2.3 pCi/g) Pu and Am. The
>2.4 mm size fraction (approximately 65 wi% of the total) was decontaminated to less than 12
dpm/g (5.5 pCi/g) Pu and 6 dpm/g (2.7 pCi/g) Am by wet attrition scrubbing. The remaining,
<2.4 mm soil fraction was treated by attrition scrubbing, ultrasonic scrubbing, oxidation,
calcination, desliming, flotation, and heavy-liquid density separation. Although somewhat
guarded because of results for selected size fractions, they concluded that attrition or vibratory
scrubbing, and either mineral jig or acid leaching of this fraction would be effective for a
decontamination goal of <30 dpm/g (14 pCi/g).

2.5  Steam Stripping

Of the various remediation approaches noted above, under the thermal category of remediation
technologies, one innovative technology is dynamic underground stripping (DUGS) — which is
an adaptation of steam injection and electrical heating. Steam injection accelerates removal of
the NAPL contaminants and is combined with vacuum extraction to perform accelerated removal
of volatile contaminants such as underground hydrocarbon spills and electrical heating
accelerates the process. Steam injection technology has been demonstrated by LLNL for
remediating NAPLs and VOCs in subsurface soils and clay layers. Aines and Newmark (1992),
and Buettner et al. (1992) (LLNL) have successfully tested this technology, in combination
with electrical heating, on a bench scale and small field scale for the removal of NAPLs/VOCs in
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soils or clay layers at LLNL. EPA’s Vendor Information Service for Innovative Treatment
Technologies (VISITT) reports that steam stripping technology is being commercialized by
Praxis Environmental Services (San Francisco, CA) (Stewart, 1992).

2.6  Bedox Chemistry

Mobilization of contaminants can obtain as a result of physical or chemical action. Chemically
induced mobilization occurs either by chemical action on the contaminant directly (e.g.,
plutonium) or its support substrate (i.e., soil). In the case of plutonium-contaminanted soils,
the mobilization of soil-bound species depends to a large extent on the physical and chemical
properties of both the plutonium and the soil.

Plutonium generally exists in three oxidation states: I, 1V, and VI, and in the natural
environment, plutonium is normally found in either the IV state or, to a lesser extent, the VI
state. The oxidation state of the plutonium is a determining factor in its solubility — Il and Vi
states being more soluble than the IV state, whereas, americium normally occurs only in the lli
state. Redox (or chemical reduction/oxidation) behavior of plutonium features highly in its
propensity for dissolution, and modification of its oxidation state is an important tool in
changing solubility. Cleveland (1971) has described conditions for both reduction and oxidation
of Pu(lV) using a variety of chemical reagents. We will evaluate simple reducing and oxidizing
agents and conditions to accelerate dissolution/mobilization of the plutonium (see Sec 4.1.2).

2.7  Chelation Chemistry

Mobilization of metallic contaminants is greatly enhanced by formation of strong attachments
with chemical binding agents via chelation. Chelation chemistry and chelators {(or chelates) are
often used in association with metals to accelerate dissolution, and/or stabilize/maintain
solubility by diminishing the tendency to readsorb or precipitate. Once resuspended or
dissolved, the soluble species (in this case radionuclide-chelator complexes) are stabilized by
their association with the chelate, which in turn enhances their continued mobility. A variety
of complexing or chelating agents, including EDTA, are commonly used for this purpose.
Chelating agents can also enhance dissolution by tightly binding the radionuclide and preventing
readsorption or precipitation. Chelating agents or chelators to be evaluated are discussed in
Section 4.1.2.

2.8  Chemically Enhanced Steam Stripping

We propose to marry the technologies of steam injection, redox, and chelation for the
leaching/washing of radionuclides from soils. Steam injection/extraction technology, enhanced
by redox and chelation chemistry, will be used to mobilize and flush away radionuclides
contaminating RFP soils. Conceptually, the process is very.similar in design to steam injection
systems involving injection and downgradient extraction wells, but with novel modifications to
the injection system to provide chemical addition upstream of the soil washing regime.

The technology will be refined to minimize chemical injection with the goal of conducting in situ
evaluation or ex situ treatment with the eventual return of the treated soils to the site. The
benefits of this approach include: (1) reducing the volume of contaminated soils, (2) avoiding
extremely harsh conditions therefore improving the potential for soil post-treatment soil
viability and/or replacement, (3) possible tayloring to contaminant and soil conditions, and
(4) combining with stream stripping of VOCs. The approach is also potentially applicable to in
situ operations.

WP for Chem Remed. of Soils: Rev. 7: 8/10/93 Page 6



3.0 Test Objectives

Testing will be conducted in three phases: (1) select promising chelator-redox systems using
fast-turnaround, lab-scale, chemically enhanced steam extraction tests, (2) further reduce
chemical enhancers to 5-10 promising chelator-redox agent systems using bench-scale, soil-
column washing tests, and (3) optimize perhaps three of the most promising chelator-redox
systems using parametric bench-scale, soil-column washing tests. The objectives of this task
will be:

. To characterize the physical and chemical conditions of soils that are contaminated with
plutonium and americium. This includes clay mineralogy of in situ materials.

. To select/obtain plutonium-contaminated subsurface soils from the 903 Pad area for lab
studies and bench-scale tests.

. To select chelating/redox systems appropriate for OU2 soils and define test matrix for
lab studies and bench-scale tests.

. To perform lab-scale tests to evaluate plutonium and americium mobilization/removal
efficiency caused by chemically-enhanced steam conditions. '

. To perform bench-scale tests to evaluate mobilization of plutonium and americium using
chelating agents under suitable redox conditions that simulate in sitv conditions.

4.0 Experimental Design and Procedures

4.1  Experimental Design
4.1.1 Background

Leaching agents were selected based on experience with similar systems and previous
experimental results obtained with plutonium-contaminated soil from the Nevada Test Site
(NTS). These experiments included size fractionation of air-dried soil from the NTS, and
subsequent alpha particle counting of the different soil fractions to rank the size fractions
according to their activity. The results indicated that most of the plutonium was associated with
soil particles less than or equal to 53 microns (53um) in size. Consequently, all the leaching
experiments were performed with soil from the NTS with a particle size of less than or equal to
53 um in size.

The experimental parameters of the NTS soil leaching experiments were: soil to solution ratio
was 1:8, the contact time between the solution and solid phase was 24 hours, the concentration
of all solutions was 0.1 M, and the separation of phases was conducted by centrifugation. The
initial Pu-239 concentration of the NTS soil was approximately 3000 dpm/g (1360 pCi/g)
and all tests were conducted at 20°C. The results are given in Table 3.
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Table 3. Results of Plutonium-Leaching Experiments from the NTS Soils

Extractant % Removal Starting pH Equilibrium pH
EDTA/ 3% H,0, 22 4.4 7.7
EDTA 21 4.5 5.6
EDTA/ 1 eq NaOH 14 8.0 8.6
EDTA /2 eq NaOH 9 11.0 10.9
EDTA/3 eq NaOH 5 12.3 12.0
Citric Acid / 3% H,0, 40 1.9 3.7
Citric Acid / 1 eq HNO3 18 1.4 3.1
Citric Acid i6 2.2 3.8
Citric Acid / 1 eq NaOH 12 3.8 5.2
Citric Acid / 2 eq NaOH 10 5.1 8.2
Citric Acid / 3 eq NaOH 2 11.6 10.2
Citric Acid / 4 eq NaOH 0 12.3 12.3
NaEGTA 13 7.4 6.3
Na,EGTA /2 eq NaOH 45 12.0 11.5

The results in Table 3 indicate that simple complexants can desorb plutonium from plutonium-
contaminated soils, and that the addition of oxidizing or reducing agents assists in the plutonium-
leaching process. Based on the knowiedge of the contamination process at the NTS, we expect
that plutonium-leaching of the plutonium-contaminated RFP soil will be comparable to that of
the NTS saoil.

4.1.2 903 Pad Soil Testing Design Basis

The test matrix given in Table 4 shows seven leaching experiments being performed by LANL at
20°C under another project entitied “Leachablity of Pu from RFP Soils.”

Table. 4. Test Matrix for Plutonium-Leaching Experiments Using Standard Leaching
Techniques

complexanis () water NaOCl NH,OH-HCI Dithionite
redox agents {—)

water X X
Citrate/Bicarbonate X
|EDTA
HNOj;
NH4CO3
Citric Acid

X X X X

Table 4 experiments will test simple complexants, standard leaching techniques, and redox
behavior of the plutonium in RFP 903 Pad soil samples. Based on early results from similar
experiments and knowledge of standard redox and solution behavior of plutonium (Cleveland,
1970), the leaching-test matrix shown in Table 5 was designed. Tests will be performed
under steam conditions, about 80-90°C, on the RFP 903 Pad soil samples under the chemical
conditions shown in Table 5. Other suitable chelating and redox agents may also be considered
and tested under the steam conditions as the test results become available.
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Table 5. Test Matrix for Plutonium-Leaching Experiments Using Combination of
Compiexants and Redox Agents*

compiexants (J) water NaOCl H,O0; [Ozone/c| Ascorbate | NaHSQ4/H
redox agents (—) atalyst 2S

water X X

EDTA/Bicarbonate X

EGTA X

Carbonate/Bicarbonate X X X X X X

* As test results become available, other chelating and reducing agents may be added to the test matrix, as
appropriate.

4.2 TestPlan

Our efforts will be devoted to three main areas: leaching experiments, laboratory-scale column
experiments, and laboratory-scale optimization, described below.

4.2.1 Batch Desorption Experiments

Leaching experiments involve taking soil from the Rocky Flats OU2, adding a solution containing
a complexing agent, mixing the two phases, separating the phases, and determining the amount
of plutonium in each phase. These leaching experiments will be conducted at 80°C using the
experimental set-up depicted in Figure 1. This set up consists of equilibrating tubes containing
the plutonium-contaminated soil and the leaching solution in a shaker surrounded by a metal
enclosure that is kept at 80°C using a recirculating oil bath. The actual procedure to be utilized
for desorbing plutonium from the Rocky Flats soil will be TWS-INC-DP-05, R2 “Sorption,
Desorption Ratio Determinations of Geologic Materials by a Batch Method,” and LANL-INC-DP-
86, RO “Sorption and Desorption Determinations by a Batch Sample Technique for the Dynamic
Transport Task." The determination of the amount of plutonium in each phase will be
performed by alpha spectrometry following the procedures in LA-1721, 5th edition “Collected
Radiochemical and Geochemical Procedures.”

Each experiment will be performed in duplicate. Determination of plutonium concentration in
each phase will be performed by difference (determining plutonium concentration in an aliquot
of leachate alone and assuming that any difference remained in the solid phase). Mass balance
will not be done in these set of experiments to maximize the number of chemical
agents/conditions screened and to accelerate the schedule.

Table 5 (above) gives ten chemical complexant-redox systems (“X”) to be evaluated at 80°C
under this project, -and at 20°C under a related project entitied, “Leachability of Pu from RFP
Soils.” The concentration of the complexants in the leaching solutions to be utilized will be
approximately 0.1M. The concentration of the redox agents in the leaching solutions will be
30-50% of the complexant concentration. The soil-to-solution ratio will be 1:20, the contact
time between the solution and solid phase will be approximately 24 hours, and separation of
phases will be conducted by centrifugation.
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4.2.2 Bench-Scale Column Experiments

Based on results of the batch experiments (performed in Section 4.2.1), additional tests will be
conducted using the more promising solutions which will be eluted at 80°C through a column
containing RFP soils. The procedure to be utilized for the column experiments is given in
LANL-INC-DP-15, R3, “Crushed Rock Column Studies.” The column experiments will be
performed in duplicate. The amount of plutonium leached from the RFP soil will be determined
by alpha spectrometry following the procedures in LA-1721, 5th edition, “Collected
Radiochemical and Geochemical Procedures.” The columns to be used will contain at least 25 g
of RFP soil. Ten to 20 column volumes will be eluted to determine the amount of plutonium
leached from the soil. Experimentai conditions wili be designed, to the extent practicable, to
simulate in situ conditions.

4.2.3 Bench-Scale Optimization Studies

The optimal leaching solutions will be used to optimize the experimental parameters to be
carried into the bench-scale chemical steam stripping experiments. The studies in the
laboratory-scale optimization will consist of maximizing the amount of plutonium leached from
the RFP soil while minimizing the chemical loading of the leaching solutions utilized. Only
environmentally-sound leaching solutions will be utilized in this effort. A careful mass balance
of the plutonium concentration in each phase will be performed in this effort. The plutonium
concentration in each phase will be determined by alpha spectrometry following the procedures
in LA-1721, 5th edition, “Collected Radiochemical and Geochemical Procedures.”

The equipment configuration 1o be utilized is depicted in Figure 2. The reactors will have steam
introduced along with the optimal ieaching solution into a column containing approximately
200 g of plutonium-contaminated RFP soil. The column will have an approximate internal
diameter of 2 inches and a height of 6 inches and will be made of an inert material, such as the
commercial polymeric material, PEEK. Five of these reaction vessels will be constructed at
LANL to sustain a maximum pressure of 100 psi.

5.0 Equipment and Materials

The desorption experiments require:

« Containers with leak-proof caps for sample containment

« A shaker kept at 80°C as depicted in Figure 1

« Ultra and super speed centrifuges to separate the solid and liquid phases after the leaching
experiments are completed

» Calibrated balance

< Analytical pipettes

« Standardized counters to determine the amount of plutonium in each phase after leaching

The column experiments require:

Syringe Pumps

Calibrated balance

Commercially available measuring tools (i.e., ruler)
Luer fittings with frits, tubing

Rheodyne injection valve

Polyetheretherketone (PEEK) or tefion tubing
Fraction collector

Test tubes
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» Standardized counters to determine the amount of plutonium in each phase after leaching

The optimization experiments require:
» A reactor as depicted in Figure 2 whose column is made out of PEEK
« Standardized counters to determine the amount of plutonium in each phase after leaching

6.0 Quality Assurance Addendum
The work plan quality assurance addendum is in Appendix A.
7.0 Sampling and Analysis

Soil and other environmental materials from the sampling area will be handled according to
procedures in the “EMD Operating Procedures Manual” (5-21000-OPS-FO, Rev. 51,
7/26/93), and according to requirements of a process-specific Operational Safety Analysis for
soil tests at RFP. All RFP soils handled by LANL will be stored and handled according to TWS-
INC-DP-83, R1 “Storage and Handling of Solid Samples.”

Representative sampling of bulk soils for radionuclide analyses is a difficult to achieve without
some pre-treatment by physical methods. (It is extremely time consuming to dissolve the large
soil fractions required to accurately assess the plutonium loading.) Reproducibility of
analytical methods is also complicated by heterogeneities in the soil matrix. To minimize this
experimental difficulty and maximize information specific to the chemical/steam conditions, we
will dry and sieve the soils prior to the bench-scale experiments. Assuming, as with previous
studies, that the plutonium is associated with a particular size fraction in the RFP soils, we will
select a soil size fraction for bench-scale testing, which both optimizes experimental logistics
and performance, while maintaining sampling and analytical reproducibility.

8.0 Data Management

Data acquisition and management at RFP follow the general DOE Standard DOE-ER-STD-6001-
92, “Implementation Guide for Quality Assurance Programs for Basic and Applied Research,”
Criteria 4 and 6. Data and other experimental information, which is collected by RFP for the
test program in Section 4, will be recorded and managed in accordance with RFP EMD procedure
for “Scientific Notebooks.”

At LANL, the data from procedures in test plan (Section 4) will be entered and stored in
electronic spreadsheets using Microsoft Excel. Hard copies of the spreadsheets which will
include the data obtained and any procedural deviations will be signed by the technician
performing the work and the principal- investigator. Electronic copies of the spreadsheets will
be stored on a hard disk drive, which is backed up on to an optical disk on a weekly basis. All the
procedures delineated in Section 4 follow the quality assurance guidelines of NQA-1.

8.0 Data Analysis and Interpretation

The results of the experiments in Section 4 will be analyzed following the guidelines given
therein. Experiments will be performed (at least) in duplicate and simple statistical methods
applied to sceening and parametric data. Effectiveness of radionuclide removal will be assessed
by aipha speciroscopy of the soil washing liquids and/or soils following treatment. Because of

WP for Chem Remed. of Soils: Rev. 7: 8/10/93 Page 11



the relative facility with which solution samples may be reduced for radioassay, radiometric
methods will be preferentially performed using washing solutions to establish efficiency;
residual soil levels will be determined by difference. Radionuclide mass balance will be checked
by occassional soil analyses in the bench-scale tests in Sections 4.2.1 and 4.2.2, and regularly
in the parametric tests given in test plan Section 4.2.3.

Although Hayden et al. (1980) have provided some discussion, no soil decontamination or
targets levels are available. The test plan evaluates various chemical systems with a goal of
“the best that can be done.” Further evaluation of soil washing solutions, not effectively
mobilizing plutonium to produce low soil residuals will be discontinued. This approach will
accelerate early screening and refinement of options prior to optimizing/parametric studies in
Section 4.2.3. Overall performance of washing solutions/conditions will be ranked based upon:
effectiveness, efficiency, robustness, as well as other criteria including cost and environmental
acceptability.

10.0 Health and Safety

All health and safety aspects of the work to be performed as specified in Section 4 will follow the
requirements of either the site-specific Health and Safety Plan (HSP) for RFP as modified by
facility-specific requirements of the testing laboratory, or the Health and Safety Standard
Operating Procedures of the Isotope and Nuclear Chemistry (INC) Division at LANL. INC's
Standard Operating Procedures include instructions for handling, storage, and disposal of
radioactive and hazardous materials at Technical Area-48, building RC-1 of the Los Alamos
National Laboratory, where the work will be performed.

11.0 Residuals Management

Residuals and investigatory materials will be characterized by process knowledge or assay to
establish handling requirements. Residuals will be managed at the investigator's facility. At
RFP residuals are covered in “EMD Operating Procedures Manual” (5-21000-OPS-FO, Rev.
51, 7/26/93) or according to building-specific requirements for waste disposition. All
studies will follow the RFP Waste Minimization Plan which places emphasis on not generating
or minimizing the generation of low-level waste (LLW) and/or mixed wastes. The treatability
goal will be to maximize leaching efficiency while using minimal chemical treatment.

12.0 Community Relations

in accordance with the draft IAG, the Rocky Flats Plant developed a Community Relations Plan
(CRP) to inform and actively involve the public in decision making regarding environmental
restoration activities. The plan addresses the needs and concerns of the surrounding
communities as identified through approximately 80 interviews with federal, state, and local
elected officials; businesses; medical professionals; educational representatives; interest
groups; media; and residents adjacent to the Plant.

Current community relations activities concerning environmental restoration include:
participation by Plant representatives in informational workshops; meetings of the Rocky Flats
Environmental Monitoring Council; briefings for citizens, businesses, and surrounding
communities on environmental restoration and monitoring activities; and public comment
meetings on various ER Program plans and actions.
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in addition, a Speakers Bureau provides Plant speakers for presentations to civic groups and
educational organizations, and a public tours program allows the public to visit the Rocky Flats
Plant. The Plant also produces fact sheets and periodic updates on environmental restoration
activities for public information and responds to numerous public inquiries concerning the
Piant.

13.0 Reports

Monthly letter reports will be provided to the RFP Principal Investigator. Additional semi
annual and annual summary reporis will be provided within 61 days foliowing the 6th, 12th,
18th, and 24th project months. Monthly letter/progress reports with provide: summary of
significant results, projection of accomplishments for the next period, and a review of issues
and problems affecting schedule.

14.0 Schedule

Activities described under this work plan cover a multi-year effort containing several decision
points. If successfully shown at proof-of-principle and pilot-scale stages, field demonstration
of this chemically enhanced steam technology is expected to occur in 3-5 years. Activities
planned for the near-term treatability testing of this approach are:

TSI S Ve & e pg

H SomMrrd ¢
Task/Milestone Summary: FY 93 Date Complete
a. Complete work plan, including test plan 08-09-93 m'afm,uféwwwm,/
b. Initiate bench-scale tests 08-13-93 ., .. ces raese
c. lssue letter report on the bench-scale tests 09-30-93

Milestone Explanation:

a. The test plan is contained within this work plan.

b. Collection and delivery of RFP contaminated soil samples to LANL. This includes the
selection, collection, and shipment to LANL of soil samples from the 903 Pad area.

c. Letter Report- A letter report describing bench-scale results and interim conclusions will provide
sufficient details and information to substantiate continuing this effort to the subsequent phases
including a Pilot-Scale Evaluation of this technoiogy in the field.

A detailed schedule for FY 93 and 94 activities is shown in Appendix F.
15.0 Management and Staffing

This project is a joint effort among collaborators from RFP, LANL, and LLNL. The RFP
Principal Investigator and Rocky Flats Office Project Manager will be the point contacts for the
effort. The management and reporting structure is given in Figure 3. The fiscal plan calls 3.0
FTEs in FY94 and FYS5. This includes mostly principals with support staff to support
analytical and more routine tasks. See Figure 3 for the organization chart for this project.
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16.0 Budget
Eunding Schedule:

This Work Plan provides $380K in FY93 for Subtasks 1, 2 and initiation of Subtask 3 (bench-
scale tests). FY83 funding for limited lab testing will be provided by LANL under Uranium in
Soils Integrated Demonstration. LLNL will be funded to provide FY33 peer review. Portions of
Subtask 3 will be carried over to FY94. Subtasks 4, 5 and 6 will be conducted in FY94 and
FYS5.

Budget Summary (Dollars in Thousands):

Sub Task FY83 FY84
1. Design bench-scale tests (work plan) $70 -
2. Conduct field sampling activities of the 903 Pad 30 -
3. Perform Bench-Scale Tests® 280 350
TOTAL $380*" $350*"

*  Ofthe total $50K will be used by RFP to purchase of bench-scale equipment that will probably be
costed in early FY94.

**  Actual FY93 expenses as of June 30, 1993 were $38K and commitment of a total of $90K is expected
by September 30, 1993. Remaining FY33 funding will be carried over to FYS4.

Task/Milestone Summary: FY93 Date Complete
a Complete work plan, including test plan 08-09-83
b. Initiate bench-scale tests 08-13-93
c. lIssue letter report on the bench-scale tests 09-30-93

Milestone Explanation:

a. The test plan is contained within this work plan.

b. Collection and delivery of RFP contaminated soil samples to LANL. This includes the selection,
collection, and shipment to LANL of soil samples from the 903 Pad area.

c. Letter Report- A letter report describing bench-scale results and interim conclusions will provide
sufficient details and information to substantiate continuing this effort to the subsequent phases
including a Pilot-Scale Evaluation of this technology in the field.

Technical P Mil _
EY 93

1. Prepare Bench-Scale Work Plan. This will be completed in early 8/83.
2. Deliver soil samples to LANL. This will be completed by the middle of 8/93.
3. lIssue letter report on the bench scale test progress. This will be completed by $/30/93.
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Funding Basis:

EYQ93 ($K) EYo4 (2K)
FTE 1.0 3.0
Labor 330 325
CE 50" -
Subcontract ] 25
Total $380** *

*  The $50K capital funding in FYS3 will be used to purchase bench-scale equipment for the 881 Lab

experiments and will be deferred to FY94,
**  This is new activity involving support from LANL, LLNL, and RFP and is expected o have a FY93

carryover; funding level for FYS4 is expected to require an additional $350K.
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17.0 Figures
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Figure 1. Equipment for Batch Desorption Experiments at 80°C.
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Figure 2. Bench-Scale Reactor for Plutonium Steam Stripping.
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APPENDIX A

QUALITY ASSURANCE ADDENDUM
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Quality Assurance Addendum
Work Plan Quality Assurance

Experimental work and tests described in this work plan is largely investigatory in nature with
the goal of evaluating various approaches for chemically enhancing steam for the mobilization of
radionuclides (metals). Testing is performed by trained, experienced investigators or their
designee(s) following standard iaboratory practices or procedures. Work will be conducted
according tfo: (1) established or approved laboratory procedures when these are appropriate or
available and/or (2) standard laboratory and investigatory practices, such as that covered the
draft procedure Use of Controlled Scientific Notebooks (3-21000-ADM Procedure No. 5.10,
Rev 0, draft F), and be based on standard literature methods and/or standard scientific
practices.

Approved laboratory or investigatory procedures, or documented modifications thereof, are
referenced in e work plan where available. All deviations from established procedures will be
documented in laboratory or scientific notebooks and approved by the principal investigator.
Work plan efforts will foliow standard NQA-1, Level 3 laboratory and data management
practices. As methods and practices become routine or standardized, procedures will be
developed and approved for this work.
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APPENDIX B

ENVIRONMENTAL MANAGEMENT

STANDARD OPERATIONS PROCEDURE
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SORPTION. DESORPTION RATIO DETERMINATIONS OF
GEOLOGIC MATERIALS BY A BATCH METHOD

- FYY

1. PROCEZDURE IDENTIFIZR: TWS.INC-DP-C5

INTRODUCTION

The purpose of this procedure is to delineate the method for determining batch
sorpuion and desorpion coeficients for the distribution of various chemical species between

geciogic materials and natural or syvmthetic waters.
3. SCOPZ

This document describes the procedure to be used for batch sorption and desorpion

experiments in the sorption task of the LANL YMP.

¢. ~PPLICABELE DOCUMENTS

2.1 TWS-QAS-QP-05.2 “Preparation of & Detailed Technical Procedure”
2.2 TW5-QAS-QP-03.2 “Procedure for Preparation and Technical and Policy Review

of Technical Informeartion Products”

4.4 TWS-INC-DP-33, “pE Meesurements”

2.5 TWS-INC-DP-€2. “Bulk NTS Well Water Samples”

4.6 TWS-INC-DP-63. “Preparation of NTS Core Samples for Crusned Rock Ixperi-
mexnts”

¢.7 TWS-QAS-QP-03.3 “Procedure for Documenting Scientific Investigations”
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The PI has the responsibility for zll operations. He/she may assicn epproprizie

tasks to personnel trazined to this DP. It is the resporsipility of the users of this DP 1o
adhere to the procedure. lnvestigators may cirect devietions from the procecure tpon
approve] of the responsible PI. It is the responsibility of the user 1o document such cevi-

tions iz accordance with TWS-QAS-QP-03.5. I change reguests are in process it is lhe
responsibility of the user to document the procedure change in his laboratory notebook.
It is the responsibility of the users of this DP to repor: unplannecd deviations from this

procedure to the responsiple PIL.
6. PRINCIPLE

This is a procedure Ior the determinaztion of a batch SOTPLiOR coeficient iz which
distribution of & single element or group of elements is measured between z sampie of
grenuiated (i.e., criished) rock or mineral znd an aqueous solution. In the procedure, 2
granular rock or minerz] sample is first comtacted with zn eliquot of the ground water
to be used in the sorption expesiment. This step is intended to allow any new surizces
produced in the semple crushing procedure to react with the ambient grounc water belore
conizct Witk z patticuler radionuchide. The sample is ther contacted with an aliguot of
the chosen weater composition spiked with the element(s) (i.e., radicnuclides) of interest.
The concentrazions) of the eiement(s) of interes: in the water must be below the solubility
of the lezst solubie compound of the element of interest thai could form in the solution.
After an appropriaie reaction time, the water is seperated from the soid phase znc ine
concentszzion of the eiement(s) of interest are determmined in the water and the sokd. Tae

rzzio of the concenirations is obizined and calied the sorption ratio. If the time over

which the solc and water were contacted was egual to or exceeded the time reguired 1o
reach z sieady siate sorption ratio, the ratio is calied 2 sorption coefficient for the chosen
element{s) iz the particular rater/solid svstemm. The time required to resch steacy siate
must be independently determined in time sesies experiments invoiving each of ihe rock

. N

anc minerel types and each of the imporiant racionuciides.

The meszsured sorpiicn or descrption ratio, Rg, is defined as

]

amount or activity of the sorbing or desorbing species per g of souc

amouxnt or activity ¢f the sorbing or desording species per me of solution
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r.- tracer soluticz = origizal solution contzining element(s) (i.e.. radicauciides) whose
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7.3 stock soiution = ground water solution containing the element(s) (i.e.. radionuciides)

whose sorpiicn behavior is to be studied.

v.4 Ultra speed centrifuge = centrifuge capable of achieving a mascmum speed of at
least £5,000 rpm.
7.5 Super speed cenizifuge = centrifuge capable of achieving & masimum speed of at

least 20,000 rom.

.

7.6 Ulira fiter = fiter with pore sizes iess than 0.1 micron

PROCEDURE

g. .-‘*.D..,O_U TZ AND APPROPRIATE EQUIPMENT, INSTRUMENTATION, AND
SOFTWARE

Containers with leak-proof caps are reguired for sample comrzinmen:. A shezlier
. . .

s used to equilibrate sampies. Ultra and super speed centrifuges and/or ulirz-Siters zve
uillizec 1o sepzrzie the solid and Liquid phases zfter equilibration. Centrifuge rotors must
De capabie of withsianding the forces used jor cenfugatioz. Calibrated balances mus: be

.

used for determiming weighis in this detailed procedure. Anzivtical pipets must be used

t0 measure volume quaniities in this procedure. Standardized counters are vsed io aliow

accurale determinalion of radicaciiviiies,
8. EXPERIMENTAL PREPARATORY STEPS AND VERIFICATION

8.1 Obtain & chemical anaiysis, inciuding piZ, Eh, major elements and trace elements,
of the water t0 be used in the experiment(s). A receat water analysis and the

unicue icentifer for the water sample used should be avallzble &s a resuli of the

s

implementation of procedure TWS.INC-DP-£2. If 2 recent water anaiysis i1s not

¢

aveiizble. transier 1o & cleaned bottie & suScent volume of water f-om the source
volume (e.g., barrel) to carry out the pianned experiment(s). Remove 2z ziiquot

-

his bottle for the anaiysis of major end irace components.

t‘;‘

oz

r4
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Cieax the lzbware 10 be used for the experiment. This is usually done by rinsing

the lzbware with cistilied water three times and dming 1o 2 clean aree. Deviations

Or extexsions Irom tiis cleaning procedure will be documented in the laboratory

nolebook.
Iz a cieaned bottle of suFcient volume. prepare the stock soiution to be vsed i the
experiment(s) b}' adding an approp:‘l le emount of tracer solution containing eacn

-

radionuclide of interest to the ground water 1o be used iz the experimezn:. Seczuse
the tracer solution may have 2 pE that is diferent from the ground weaier, check
the pX of the stock solutiorn zfter addition of the tracer. Use procedure TWS-INC-
DP-35. I the pE is different from tha: desired. add suficient HCl or NaOH io th

solution to achieve the desired pH. Agitate the bottle containing the stock solution

.

ock soiution through an ulirafiiter with a

—

& shaker able overnight. Filter the st
0.002 microz pore size or smeller (e.g., Mtho'e CX-30).

o iy

Determine the concentration(s) of the tracer elemeni(s) in the stock solution. If
the tracer elemen: is present only in radicactive form, the conceniration caz be
obtained by counting methods. I both radioactive and norn-rediocaciive forms of

the tracer elemen: are present, additional methods of anziysis will be reguirec.

(n

. \ .o “ « . .. - —~ 7¢~ Y‘\'C ~
Letermine the pr ol lhe stock solution accorcding 1o procedure TwWS-INC-D
Determine the Zx of the finzl stock solution.

Determine the exient 1o which the elements of interest achere 1o the walis of the
coniainer 1o be used in the experimeni(s). This is done by transierming & XZOWR
volume of the stock solution 10 each of the container 1ipes to be tested. A
snaking the solutlon iz the containers for a: Jeast 2 weeks, remove an zliquot of
solution irom the container end meesure the concentration of the eiement of izterest.
I thic conceniration is less then the original concentration of the eiement iz the
stock soiution, czaiculate the amoun: lost to the container per mi of solution. For the

batch experiments, use the contziner type that shows the least loss to the coztainer
walls,

I 2z rock sample is 10 be used iz the batch experiments. precondition the sampile dY

IO P < < . s Seme T
Dlaging ax aonrom::a:e armount ol ihe washed granular sample, obtained th—u TV
1M"

INC-DP-63, in a cleaned comiainer with an alicuot of ground water 10 be used IR

3 P . bl -3 1 . - - . . ..."4 5] p TS TN S
tae sorpuion expenment. Usually, the ratio of water 1o rock/minerz! is 20! to Ig.



17 2 differen: ratio is used record the deteils in the notebook. Shake the weter/Tock

=uxture for &t least 3 weeks. Seperzie the water Som the rock/mineral sampie,
1t toru en 0.002 micron flter (e.g., Millipore CX-30), and have the Sltrate anziyzed

N
, outer

for the ntems given in 8.1, Weash the solid sampie es described in T’WS-NC-DP-CS.
take an zlhiquor, and have it analyzecd for major and trace elements, and minerziogy.

Notebook ZToim

Verify that the following entries ere made ir the laboratory notebook before starting

the experzment:

[{e]
;J

.1 Major and trace element composition, pE and Eh, of the water to be used

in the experiment(s) and associated analvtical errors.
8.1.2 Method of cieaning labware if different from the one specified in item 9.2.

8.1.3 pX of stock solution after final preparation.

.4 Eh of the faal stock solution end the method of measurement.

o

Concen:ra:ion of tracer element(s) in the stock solution and essocizted an-

ntical errors. Verify that this concentration is below the saturztion level
o:’ the least soluble compound of the element(s) of interest that could form
in this soiution. Also describe the method of preparation of the stock solu-
tion I diferent from that given iz 6.3 (lL.e.. :he experimenial steps used for
preperation. notebook TWS number zad peges used specifving these sieps,
or & detailled procecure number ).

[{o]

.1.6 Contziner type to be used in the experiment(s) and the percent of eiement(s)

of interest los: 10 wells of this type of container.

9.1.7 Record the water/roci: ratio used if different than 20:1.
9.1.8 Composition of the water and the mineraiogy of the rock/mineral sample

-

resulting from the preconditioning step 9.8.

-

10. SUITAEBLE AND CONTROLLED ENVIRONMENTAL CONDITIONS



- .y [
b I any special concilions are Llikied

e
o
w
o
o
)
P
[e)
O
t1
p
o
0
¥
n
P
[¢]
5]
(8]
0
£
&)
o
[@]
v
0
X
e
E)
s
t

N

(€.5., coniroleC almosphere;, record them in the laboratory notebook.

11, DXPERIMENTAL STEPS AND ACCIPTANCE OR REJECTION CRITIRIA OF

11.A. Sorption Procedure
11.4.1 Transler an aliquot (by weight or voiume) of stock solution to 2 cleaned and

dried container of the type specified in 6.7,

11.£.2 For z batch experiment invoiving granuizted rock, weigh out into 2 small
evaporauing dish between 50 and 100 mg of moist pre-equilibrated crushed
rock preparec in step 9.8. Drv the sample 2t 105 degrees C overmught. Weigh

the driec sample and subtract the result from the initial weight.
11.A.3 Weigh & clezned and dried container of the type specified in 0.7,

11.A.4 For 2 batch experiment invoiving granulated rock, add 2 suficient zmount
of moist pre-equilibrated granulzied rock to the comtainer weighed in 11.A.3
to obtain the desired weigh! of dried rock iz the conmtainer given the water

content of the moist granulated rock obtained in 11.4.2. Weigh the con-

tziner with the gramuited rock. For en experiment involving 2 pure minerza!
separate, Simply weigh out & suffcient zmount of the dry minersl izio the
container weighec in 11.4.3. I the minerz] sample is not drv, follow th
same procedure as described for moist granulated rock.

<

11.A.5 Add 2 knowm volume or weignt of the stock solution to the container and

record Jullan cate. Weigh the contziner with the mixture.

.A.6 Mix the containers iz 11.4.1 and 11.A.5 using = ead-over-end laboratory

mixer. Mix a: a2 speed between 0.1-0.5 RPM. Usually, the container(s) is
- -l \

mixed ior tbree weeks. Fecord the misdng time in the laboratory notebook.

-

12.4.7 Alier the shaking is complete, weigh the container(s).

-

11.A4.8 Foraniniual seperation of phreses, centrifuge the containers for one hour at 2

.. . . - : o\ - s . .' - -
mummeurm of 5.000 rpm. After cenimifuration. remmove most of the supernziant
T 4 : 1
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from esch comiziner zad transier 10 & clean coptainer. Take 2o zpproprizie
sizec zlicuot of this solution and determmize its pE following TWS-INC-DP-
3i.. ’

I the concentration of the element(s) of interest in the solid is required or

i & desorption experimen: is planned for the solid szmple, remove £s —uch

of the remaining supernatant as possible from the contziner containing the

et andddadin -
S . - - -

solid sample.

e R

e e cer e e

I 2 desorption experimen: is not planned for a given sample, the concen-
tration of the radiomuclide in the solid fraction is obtained by :aking 2n
eppropriate zliguot of the moist solid, weighing the aliguot, dryving it at 105
degrees C, weighing the dried semple, 2nd determining the amount of tracer
1o the solid using the approprizte enalvtical techrigue(s). Subtrac: the drv
sample weight from the moist sampie weu:m to obtain the water content of
the sampie. ..

If 2 desorption experiment is planned, follow procedure given in 11.4.10 but
use 2n zliguot of 100-200 mg so that 2 sufident amoun: of solid remains ior
the desorption experiment.

— Lo es -

I further separation of solid from solution is to be accomplished by uitra-
fltrztion go to step 11.4.16. If this separation is to be accomplished by

o -

imifugation, folow steps 11.A4.13 through 11.A.17.

11 R

ttaken 1n 11.A.8 at 2 minimum of 12,000 rpmx for cze

hour usin 1 £S3 cenirifuge or equivaient.
Take an aopm'o"m'e aliguot of the supernace iz item 11.A4.13 and place in a
CMCO“Y&Q&- _ Bonihi R

Contizue the sepzration of the phases by centrifuging the aliguot taken in
nem 11,414 at & m.n.mum of 12,000 rpm for two hours using the same
cenimifuge &s used in 11.4.12.

Take 2o appropriate zliguot of the supernate from item 11.4.15 and place it

in & clezn container.
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22417 Cozntizue the separztion of the prases by cenirifuming the aljcuo: tokez in

tem 11.A.16 at 2 mizimum of 25.000 rpm for at least 12 hours using a

Sorvell OTD €5B Uliracentrifuge or equivaien a Servell A-641 Rotor or
ecuivalent. Go to step 